As a continuation of our studies on Jamu and the medicinal resources in Indonesia, we have investigated the chemical constituents of the bark of Parameria laevigata Moldenke. P. laevigata (Apocynaceae) is widely distributed from southern China to Malaysia and Indonesia. It is one of the drug materials of traditional folk-medicines, called "Jamu" in Indonesia; it is called "Kayu rapet" and has been traditionally used as an antiulcer and antidiarrhea medicine and to treat wounds. In the present paper, we describe the isolation and structural elucidation of seven proanthocyanidins including three new compounds from the bark of P. laevigata. The AcOEt and n-BuOH-soluble portion, obtained from the MeOH extract of the bark of P. laevigata, was subjected to repeated column chromatography on SiO 2 , Sephadex LH-20, and Rp-18 to afford one new trimeric proanthocyanidin (5) and two new tetrameric proanthocyanidins (6, 7), together with two known dimeric proanthocyanidins (1, 2) and two known trimeric proanthocyanidins (3, 4).
These findings indicated that they were A-type proanthocyanidins composed of two 5,7,3Ј,4Ј-tetrahydroxy flavan-3-ol units. In the 13 C-NMR spectrum, the doubly linked structures of 1 and 2 were also evident from the characteristic ketal signals at d 100.19 in 1 and d 100.55 in 2. From the above data, compound 1 and 2 were identified as proanthocyanidin A-2 2, 3) and proanthocyanidin A-6, 4) respectively by direct comparison of their spectral data with literature.
Compound 3 showed a molecular formula of C 45 H 36 O 18 from the HR-negative-FAB mass spectrum, which was assumed to be a trimeric proanthocyanidin. The 1 H-NMR spectrum exhibited the presence of an A-type unit from the AB coupling system at d 3.29 and 4.15 (each d, Jϭ3.5 Hz). This doubly linked structure was also supported from the one ketal carbon signal at d 99.95 in the 13 C-resonace. Then, treatment of 3 with benzylmercaptane/acetic acid in EtOH yielded proanthocyanidin A-2 4-benzylthioether (3a) and epicatechin (3b).
5) The location of interflavonoid linkage was deduced to be Cb-4/C-8 based on the comparison of the 1 Hresonances between 3 and degradation products (3a, b). 6) This absolute configuration was also evident from the positive Cotton effect in the diagnostic wavelength region of the CD spectrum. 7) Consequently, the structure of 3 was determined as epicatechin-(2b→O→7, 4b→8)-epicatechin-(4b→ 8)-epicatechin (cinnamtannin B-1), previously isolated from the bark of Cinnamomum zeylanicum. 8) Compound 4 gave the same molecular formula as that of 3. Furthermore, the 1 H-and 13 C-NMR spectra were similar to those of 3, suggesting it was also a trimeric proanthocyanidin possessing one doubly linked structure. However, the significant differences were observed in the chemical shifts of the heterocyclic protons and carbons (F-ring). In the 13 C-NMR spectrum, the presence of signals at d 84.48 and 73.87 due to C-2 and C-3 of the F-ring, respectively, indicated a catechin middle unit. This was supported from the proton coupling constant (J 2,3 ϭ9.3 Hz). Besides, the 3,4 trans-relative configuration was also evident from the proton coupling constant (J 3,4 ϭ9.3 Hz). Upon consideration of the above results, 4 was identified as epicatechin-(2b→O→7, 4b→8)-ent-catechin-(4b→8)-epicatechin (aesculitannin B). This absolute structure was supported by the positive Cotton effect in the diagnostic wavelength region of the CD spectrum. 7) This compound was first isolated from seed shells of Aesculus hippocastanum L. 4) Compound 5 showed a molecular formula of C 45 C shift correlation spectroscopy (COSY), and the hetero nuclear multiple-bond correlation spectroscopy (HMBC) (Fig. 2) , a planar structure was established and the signals of proton and carbon can be definitively assigned (Table 2) . In the 1 H-and 13 C-NMR spectral data, the signal patterns of the lower unit and the heterocyclic F-ring of 5 were quite close to those of the lower unit and the heterocyclic C-ring of 1, suggesting that the middle and lower units were the same structurally as 1. Moreover, the upper unit was determined to be epicatechin from the C-3 carbon signal at d 68.66 (C-ring). The interflavonoid linkage between the upper and middle unit was confirmed to be C-4/C-6 on the basis of the carbon chemical shift for C-6 of the Dring (d 108.93). As to the C-6 and C-8 chemical shifts of the extending unit of A-type proanthocyanidin, the [2b→O→7, 4b→8]-interflavonoid linkage (ca. d 107.0 for C-8) are distinguished from the [2b→O→7, 4b→6]-interflavonoid linkage (ca. d 108.8 for C-6).
3) Moreover, the positive sign of the Cotton effect in the diagnostic wavelength region (220-240 nm) of the CD spectrum indicated b orientation of C-4 flavan-3-ol substituents. 7) Thus, the structure of 5 was designed as epicatechin-(2b→O→7, 4b→6)-epicatechin-(2b→ O→7, 4b→8)-epicatechin. As for the trimeric proanthocyanidin possessing two doubly bonded interflavonoid linkages like compound 5, aesculitannin C and D, 4) and pavetannin B7 and B8 9) have so far been found. Compound 6 showed a molecular formula of C 60 H 48 O 24 from the HR-negative-FAB-mass spectrum ([MϪH] Ϫ ion at m/z 1151.2450), which was consistent with tetrameric proanthocyanidin possessing one doubly linked interflavonoid linkage. The 13 C-NMR spectrum indicated the presence of four flavan-3-ol units from the signals at d 66.84, 67.40, 71.41 and 72.44, attributable to C-3 of each flavan-3-ol unit, and one ketal carbon signal at d 100.17 and three carbon signals at d 76.61, 78.73 and 80.18 due to the C-2 of each flavan-3-ol unit. To determine the structure and the sequence of each flavan-3-ol unit, acid catalyzed thiolytic degradation was attempted.
5) Treatment of 6 with benzylmercaptane/acetic acid in EtOH yielded the trimeric proanthocyanidin (6a), epicatechin (6c) and two thioethers (6b and 6d) (Chart 1). The trimeric proanthocyanidin (6a) was identified as 3, and 6b and 6c were identified as 3a and 3b, which were degradation products of 3, respectively, and further, 6d was identified as epicatechin 4-benzylthioether from the spectroscopic data. This fact indicated that 6 was a coupling product of 3 and epicatechin. From these results, the two alternative structures were considered for 6; for one structure it was considered that epicatechin was attached to C-6 (D-ring) of 3, and for the other structure it was considered that epicatechin was attached to C-6 (G-ring) of 3. To clarify the position of an interflavonoid linkage between 3 and epicatechin, the correlation spectroscopy via long-range coupling (COLOC) experiment of a nonadecaacetyl derivative (6e) derived from 6 was attempted and completely assigned all carbons and protons of 6e. In the COLOC experiment ( 13 C resonances of two ketal carbons at d 100.80 and 100.23 were indicated, suggesting it to be a tetrameric proanthocyanidin possessing two doubly linked structures. In the 13 C-NMR spectrum, the presence of four flavan-3-ol units were indicated by the signals at d 66.43, 72.41, 67.57, and 67.96, each attributable to the C-3 in the heterocyclic ring (C-, F-, I-, and L-ring), respectively. By the combination of the HH-and CH-COSY and COLOC spectral analysis, all carbon and proton signals could be definitively assigned (Table 3 ). In the COLOC spectrum (Fig. 4) , one AB doublet proton signal at d 4.25 (C-4, C-ring) was correlated with quaternary oxygenated carbon signals at d 145.54 and 150.27 (C-7 and C-9, D-ring), and the other at d 4.01 (C-4, L-ring) was correlated with carbon signals d 149.71 and 145.54 (C-5 and C-7, D-ring). These results indicated that two flavan-3-ol units possessing two doubly linked structures were linked to the D-ring. The remaining GHI unit was an epicatechin from the broad singlet proton signal at d 4.40. Further correlations were observed by COLOC analysis between the methine proton signal at d 4.37 (H-4, F-ring) and quaternary aromatic carbon signals at d 155.85, 109.00 and 155.59 (C-7, 8 and 9, G-ring). Furthermore, in the 13 C-NMR spectrum, carbon signals of the upper and lower units and the heterocyclic F-ring of 7 were similar to those of 3, suggesting that the sequence of the ABC-DEF-GHI unit of 7 was the same structure as that of 3. Moreover, 7 showed a positive Cotton effect in the diagnostic wavelength region (220-240 nm), indicating b-orientation of each interflavonoid linkage. 7) This result was also supported from the presence of an upfield shifted H-6Ј (K-ring) proton signal at d 5.94 by the magnetic anisotropic effect of the aromatic G-ring. 6) Upon consideration of the above results, compound 7 was determined as epicatechin-
The proanthocyanidins possessing a branched chain like 6 and 7 were reported at first from natural sources.
Experimental
General Procedures and Plant Material Optical rotations were measured using a Jasco DIP-1000 digital polarimeter. CD spectra were recorded on a Jasco J-725 spectrometer. HR-FAB-MS were performed with a JEOL JMS-BU 20 spectrometer. IR and UV spectra were measured on a Shimadzu FT-IR 8300 infrared spectrometer and a Hitachi U-3000 spectrometer, respectively. The NMR spectra were recorded in CD 3 OD or CDCl 3 , on a Bruker DPX-400 instrument. TLC was performed on Merck precoated TLC plates (Kieselgel 60F 254 , Rp-18F 254 ). Column chromatography was conducted with Kieselgel 60 (70-230 Mesh, Merck) and Sephadex LH-20 (Pharmacia). Medium pressure liquid chromatography (MPLC, micro pump KP-7, Kusano Scientific Co., Tokyo) was carried out on a CIG column [ODS (C-18)]. The bark of P. laevigata was purchased from JAMU factory in Jakarta and the plant was identified by Dr. Asmanizar, University of Indonesia. The herbarium specimen has been deposited at the Botanical Museum of Kobe Gakuin University.
Extraction and Isolation The dried bark of P. laevigata (4.7 kg) was extracted with hot MeOH (7h, 12 lϫ7). The solvent was evaporated off under reduced pressure to yield MeOH extract (522 g). The MeOH extract was suspended in a MeOH-H 2 O (1 : 3 l) mixture and was extracted successively with CHCl 3 , AcOEt, and n-BuOH (each 4 lϫ3 times). Each solvent was evaporated off under reduced pressure to yield CHCl 3 (89 g), AcOEt (65 g), n-BuOH (239 g), and H 2 O (123 g) extract. The AcOEt extract was chromatographed on silica gel using a gradient of AcOEt, MeOH and H 2 O system to give catechin-containing fractions. These fractions were subjected repeatedly to Sephadex LH-20 column chromatography using MeOH-H 2 O (2 : 1) and to SiO 2 column chromatography using CHCl 3 -MeOH (4 : 1) and finally were purified by CC on Rp-18 using MeOH-H 2 O (1 : 3) to give compounds 1 (150 mg), 2 (35 mg), 3 (3000 mg), 4 (35 mg), and 5 (60 mg). The n-BuOH extract was chromatographed on silica gel using a gradient of AcOEt, MeOH and H 2 O system to give catechin-containing fractions. These fractions were subjected repeatedly to Sephadex LH-20 column chromatography using MeOH-H 2 O (2 : 1) and to SiO 2 column chromatography using CHCl 3 -MeOH (4 : 1) and finally were purified by CC on Rp-18 using MeCN-H 2 O (1 : 7) to give compounds 6 (800 mg) and 7 (30 mg).
Proanthocyanidin Table 2 . Thiolytic Degradation of 3 Compound 3 (200 mg) was treated with benzylmercaptane (1.3 ml) and acetic acid (2 ml) in ethanol (8 ml) under reflux for 40 h. The reaction mixture was chromatographed on Sephadex LH-20 using MeOH to give proanthocyanidin A-2 4-benzylthioether (3a) (45 mg) and epicatechin (3b) (6 mg Table  2 .
Epicatechin-(2b b→ →O→ →7, 4b b→ →6)-epicatechin-(2b b→ →O→ →7, 4b b→ →8)-epicatechin ( All assignments are based on the HH-COSY, CH-COSY and COLOC spectral data. Coupling patterns and coupling constants (J) in Hz are given in parentheses. Symbol a-c) in each column may be interchanged. 
